Records from 182 cases of tick-borne relapsing fever (TBRF) were reviewed. In confirmed cases, there was febrile illness, and spirochetes were identified on peripheral blood preparations. In probable cases, there were clinical features of TBRF and either the same exposure as a confirmed case or serological (indirect fluorescent antibody test and western blotting [WB]) evidence of infection with Borrelia hermsii. Sera also were tested for antibody to Borrelia burgdorferi. We identified 133 confirmed and 49 probable cases of TBRF. A Jarisch-Herxheimer reaction was reported in 33 (54.1%) of 61 cases for which this information was available. Most patients who had antibodies to B. hermsii were serologically positive for B. burgdorferi, and WB demonstrated false positivity of testing for B. burgdorferi. Thirty-five (21%) of 166 cases were unreported to public health authorities. In 52 cases, there were more than two relapses before the diagnosis. This study demonstrates that TBRF is underrecognized and underreported and may be falsely identified as Lyme disease.
Relapsing fever is characterized by recurring episodes of infected hemolymph and contaminates abraded or normal skin and mucous membranes. LBRF is associated with poor hygiene fever and nonspecific symptoms (e.g., headache, myalgia, arand catastrophic events; an estimated 15 million cases of LBRF thralgia, and abdominal complaints). Usually episodes last for and ú5 million deaths due to LBRF occurred in Africa, eastern several days and are then interrupted by cessation of symptoms.
Europe, and Russia in this century [2] . Untreated patients have had up to 13 febrile episodes [1] . The Tick-borne relapsing fever (TBRF or endemic relapsing fever) illness is caused by infection with Borrelia species that extenis found throughout most of the world. It is endemic in the western sively vary their surface antigens [2, 3] . The infection usually United States, southern British Columbia, the plateau regions of responds to treatment with antibiotics such as penicillin, tetraMexico and Central and South America, the Mediterranean, Cencycline, or erythromycin. Treatment may elicit the Jarischtral Asia, and throughout most of Africa. The tick vectors, OrniHerxheimer reaction (JHR) characterized by acute exacerbation thodoros species, are argasid (soft) ticks with nocturnal feeding of symptoms.
habits and painless bites. The primary reservoirs of Borrelia are Spirochetes causing relapsing fever are transmitted to hurodents [2] . Unlike the body louse that lives only several weeks, mans by exposure to infected lice (Pediculus humanus) or the Ornithodoros ticks may live many years between blood meals bite of an infected tick (Ornithodoros species). The mean incuand harbor spirochetes for prolonged periods [2] . bation period is 7 days (range, 4 to ú18 days) [1] . Borrelia
In Texas, cases have been associated with entering caves where recurrentis causes louse-borne relapsing fever (LBRF or epithe tick, Ornithodoros turicata, harbors Borrelia turicatae [2, 3] . demic relapsing fever). Spirochetes are introduced by crushing
In most other western states and southern British Columbia, Borthe louse (e.g., when scratching), which releases the insect's relia hermsii is transmitted by Ornithodoros hermsi at higher elevations at which patients often report exposure in rustic cabins, where rodents' nests may harbor these ticks [2] . Whole-cell lysates of spirochetes were subjected to onepersons who had the same exposure (e.g., slept in the same dimensional SDS-PAGE with use of Laemmli buffer [12] , and cabin) and had a similar illness. An attempt was made to contact a vertical gel electrophoresis system (GIBCO BRL, Gaitherspatients with possible cases found in this manner and, if appliburg, MD) was used to separate proteins following the instruccable, their physicians. Demographic, clinical, and geographic tions of the manufacturer. data were obtained by reviewing charts and by interviewing Whole-cell lysates underwent electrophoresis in one-dimenpatients, patient contacts (e.g., parents of children), or physisional acrylamide gels and were blotted onto nitrocellulose cians.
membranes by using the Towbin buffer system [13] and a A confirmed case was defined as both a febrile illness and Trans-Blot Cell (Bio-Rad, Richmond, CA) following the indetection of spirochetes by microscopic examination of a structions of the manufacturer. The membranes were blocked Wright-Giemsa -stained peripheral blood smear or darkfield overnight at room temperature with 50 mM Tris (pH, 7.4), microscopy of a peripheral blood smear. A probable case was 150 mM NaCl, 5 mM EDTA, and 0.05% with foil, and kept at 020ЊC until used. Human serum samples Data were analyzed by using Epi-Info Version 5.01B softwere tested with both species at eight twofold serial dilutions ware [5] . Frequencies and relative risks with 95% confidence from 1:16 to 1:2,048, and bound antibodies were labeled with intervals were calculated. Prevalence maps were generated by a 1:100 dilution of fluorescein isothiocyanate (Kirkegaard and using Epi Map software [6] .
Perry Laboratories, Gaithersburg, MD) -conjugated goat antibody to human IgG (heavy and light chains) and examined by fluorescence microscopy.
Laboratory and Field Investigation
Selected serum samples were analyzed for antibodies reactive to B. hermsii and B. burgdorferi by ELISA methods at the Fixed smears, prepared from EDTA-treated blood specimens and stained by a rapid Wright-Giemsa method, were screened was done in the third case. § Age range for 166 patients, newborn to 81 years.
Blood samples from 18 patients were cultured in BSK II
x There were more than one type of rodent at some exposure sites.
medium. Spirochetes were identified in 12 of these samples (smears of initial peripheral blood or blood obtained at admission); 10 patients had not received prior antibiotic therapy, and were performed at RML as previously described [14] . Whentheir blood cultures were positive. Blood cultures were typiever possible, acute-and convalescent-phase serum samples cally positive within 24 hours, and all yielded growth within were obtained.
48 hours. Two patients received prior antibiotic therapy and had negative cultures. In one case, blood collected immediately on arResults rival at the hospital (within 1 hour of taking antibiotic therapy)
Epidemiological and Clinical Data
revealed nonmotile and sluggishly motile spirochetes. Rare, nonviable spirochetes were observed in the blood from the We identified 133 confirmed and 49 probable cases of TBRF (table 1) , of which 10 cases were previously reported [15 -18] .
other patient, who was treated with ceftriaxone 4 -5 hours earlier in a referring institution. In the remaining six cultureThe median age of the patients was 33 years (range, birth to 81 years). Of 35 female patients 15 to 44 years of age, four negative cases, the blood specimen was collected during an afebrile interval, and both peripheral blood smears and blood (11.4%) were pregnant during their illness, and one gave birth to an infected infant. Onset of illness was common during cultures were negative. Serology (primarily IFA testing) was performed on ú80 the spring and summer months (figure 1), although cases also occurred during the winter. The locations of exposure sites serum samples from patients. A representative sample of data from immunoblotting (WB) and IFA testing, performed at were usually rural cabins or homes, often located on or near a body of water. Several of the dwellings were permanently or RML, is given in (table 4) .
The number and intensity of reactive antigens determined headache, thrombocytopenia, and increased band form count) 9 years before culture and smear examination confirmed TBRF by WB differentiated antibodies to B. hermsii from those to B. burgdorferi (figure 3). For most patients who had titers of in 1993. His blood smear was not examined for spirochetes in the earlier illness, and he was not treated. After 6 to 8 weeks IFA to B. hermsii of §1:2,048, antibodies bound to protein bands when the sera were reacted with lysates of B. burgdorfof relapses, he had spontaneous resolution. This patient (and three other patients with confirmed cases) was exposed to the eri; both the number and intensity of bands were variable, but In addition, WB with whole-cell lysates of B. hermsii and (1940) [1, 20, 21] . Cases have been reported sporadically throughout the Northwest, with a notable outbreak that ocGlpQ antigen and IFA assays were useful in making the diagnosis for persons with previously undiagnosed cases who had had curred in a troop of Boy Scouts and their scoutmasters in Spokane County, Washington [7] . Before 1969, Washington compatible disease syndromes in residences associated with an index case (23 cases associated with 11 residences in which had reported only four cases of TBRF [7] . since the report of an outbreak at the North Rim of Grand cases of TBRF in the same period [4] . Improvement in diagnosis and reporting could clarify the true incidence of both disCanyon National Park in 1973 [23] . The present investigation extends the recognized geographic distribution of TBRF and eases. This study demonstrates several important aspects of TBRF, demonstrates the magnitude of disease in this region. TBRF and LD are currently reportable in Washington. This study including a relatively high frequency of JHR, geographic clustering, and poor recognition and reporting. The clinical signs suggests that TBRF may be more prevalent than LD in this state, where (during 1991 to 1994) only 11 serologically conand symptoms we observed are generally similar to those noted in previous reports. The disease was often characterized by a firmed cases of LD were reported compared with 24 reported very high temperature, headache, myalgia, arthralgia, nausea, chetes have been described in urine from patients with acute TBRF [24] . Thrombocytopenia could explain microhematuria. and vomiting. Fifty percent of the patients had a recorded
Our study lacked the sample size needed to examine this possitemperature of §40ЊC (104ЊF). Many patients relapsed more ble link. than two times, even though medical attention was sought dur-TBRF often occurred during the spring and summer months. ing the febrile episodes; this finding demonstrates the lack of However, unlike many other tick-borne diseases, TBRF also recognition many physicians have for this disease despite its occurred during the winter. This winter occurrence of TBRF regional endemicity.
most often results from human activity that alters the behavior Thrombocytopenia was common in this case series. We docof the tick vector [25] . When humans enter and warm infested umented platelet counts of £20,000/mm 3 in five cases, but no cabins during the winter, ticks are stimulated by warmth and major bleeding complications were found. In contrast, LBRF carbon dioxide to seek out and feed on the occupants. Ornithois more frequently associated with bleeding complications (e.g., doros species may lay dormant for several years awaiting a epistaxis, purpura, hemoptysis, hematemesis, bloody diarrhea, blood meal, and some species do not require a blood meal hematuria, subarachnoid and cerebral hemorrhages, splenic from an infected host to harbor Borrelia. rupture, and retinal hemorrhage) [2] .
The diagnostic standard for TBRF is detection of spirochetes Of the less frequently observed conditions, dysuria occurred in peripheral blood smears. Three main factors may contribute in 12.5% of patients, proteinuria occurred in 46%, and microto poor detection: inexperience of the microscopist, increased hematuria occurred in 30%. These symptoms suggest an as yet use of automated differential counts, and examination of blood undescribed pathophysiology. The large numbers of circulating in the asymptomatic interval when spirochetes are absent from spirochetes seen in patients with this disease could possibly the circulation or are present in amounts below the level of cause renal glomerular or tubulointerstitial disease, and spirodetection. Increasingly, as a cost-saving maneuver, laboratories have discontinued manual differential counts unless specifically ordered. We recommend that a manual differential count be is complicated by the ability of spirochetes causing relapsing Tachycardia 10/20 (50.0) fever to extensively alter their surface proteins [26] . Twenty- Hypotension 18/23 (78.3) four serotypes were obtained from a single clone of B. hermsii / 9c43$$ja51 11-24-97 22:31:37 cida UC: CID [27] . The expression and regulation of the variable major prothe association of multiple cases of TBRF at the rustic cabin he had occupied immediately prior to both disease episodes teins were reviewed recently [28] . In addition to variable major proteins, other structural proteins of B. hermsii cross-reacted suggest that this patient likely acquired infection with TBRF on two separate occasions. with a variety of bacterial species, in particular with B. burgdorferi [29 -32] . When rabbit antiserum to B. hermsii and se-
The increased symptoms seen during JHR often include hypotension, chills or rigors, a marked rise in temperature, and rum from a patient with TBRF were reacted with B. burgdorferi antigens [30] , WB revealed 11 and six bands, respectively [31] . a general increase in other symptoms. Our data revealed that 33 (54.1%) of 61 patients for whom this information was availWe demonstrated method-independent cross-reactivity of B. hermsii and B. burgdorferi from data generated by three able had JHR. During JHR, one patient complained that he felt like he was ''going to die,'' and this sensation has been reported laboratories. In most cases, high titers of antibody to B. hermsii in patient serum samples reacted with B. burgdorferi antigens previously [34] . ; on the basis of this study's data, JHR apparently occurs often enough to warrant keeping these patients under observatesting of patients with chronic syndromes of LD is not uncommon, clinicians and laboratorians should be alert to the signifition for Ç2 hours after initiation of treatment. Experimentation with the dose of antibiotic used at the commencement of treatcant cross-reactivity of B. burgdorferi, B. hermsii, and other infectious organisms [29 -32] . ment of LBRF (e.g., treatment with a lower than recommended dose) has led some investigators to conclude that this modificaNo systematic investigation of TBRF serology has been done with IFA testing, EIA, or WB. During this investigation, which tion decreases the frequency of JHR [36] . For patients who have TBRF, a prospective study of variable initial antibiotic is essentially descriptive, serum collections were frequently retrospective. For example, of the six patients for whom IgM dosages would be useful, as only anecdotal information is available. assays were performed at a commercial laboratory, only one had a comparative IFA assay done in the acute phase of disease.
In this study, JHR occurred 0.4 times less frequently in patients who had microhematuria. Bacterial infection of the All others were tested by IFA assays 6 weeks to 1 year following the acute episode. In addition, in this series, nearly 80% lower urinary tract is a well-recognized cause of hematuria [37] , and spirochetes have been described in urine [24] . Higher of patients had multiple relapses. Consequently, appreciably different titers were not found in acute-and convalescent-phase levels of bacteremia have been reported to be associated with an increased likelihood of patients with LBRF developing JHR serum samples, when available.
In 1996, Schwan et al. [14] reported the potential utility [38], although this study had a small sample size. We suspect that high levels of bacteremia would lead to spirocheturia, of a recombinant antigen, GlpQ, for the specific diagnosis of relapsing fever. In that study and this investigation, patients microhematuria, and a possible increase in the frequency of JHR, although we did not observe this. with TBRF and titers of IFA of §1:256 had antibody to GlpQ antigen, and probable or confirmed cases in which titers of IFA This study included data for four pregnant women, one of whom gave birth to an infected infant. One woman in her 12th were 1:64 to 1:128 sometimes evoked antibody to GlpQ antigen. Therefore, we believe that titers of IFA of 1:64 to 1:128 week of pregnancy had an extremely high temperature (41.8ЊC [107.2ЊF]) during JHR but gave birth to a normal full-term represent an indeterminate range and that titers of §1:256 represent a diagnostic range.
infant. The other two women had uncomplicated deliveries and apparently normal infants. Congenital TBRF has been preCase 1 was unusual in that TBRF appeared to have occurred twice (1984 and 1993) . Typically, patients with TBRF have viously reported [39] . Infection in pregnant women may be more severe than in other persons, and miscarriages are comtiters of IFA in acute-phase serum that range from undetectable to 1:512, and WB of these serum samples reveals zero to mon [1] . Transmission may be transplacental or may possibly be secondary to traversing the birth canal [40] . õ10 protein bands. However, testing of this patient's serum (obtained during his first febrile event of the 1993 illness)
Our review of medical records supports the notion that TBRF is an underrecognized disease. JHR was unanticipated for many revealed extreme results (IFA titer, §1:2,048; WB, ú20 bands). In fact, this patient's serum had more reactivity with of these patients. Two patients underwent a bone marrow biopsy to evaluate their recurring febrile illness. Leukemia was B. hermsii antigens than any serum sample that had previously been tested at RML (T. G. Schwan, unpublished data). The suspected in one of these patients because of the low platelet count; the other patient was evaluated as having a fever of immunologic data, history of a TBRF-like illness in 1984, and / 9c43$$ja51
11- ered only after laboratory personnel reported identification of spirochetes on blood smears. In Canada, only British Columbia has reported locally ac-
